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Project Summary 

During the funding period, the group lead by Prof. Yujie J. Ding at Lehigh University has 

investigated one class of the most important nanostructures: quantum-well dots. 

This class of the nanostructures serves as the first steps for eventually developing THz 

emitters and detectors that can be operated at room temperatures. 

For our effort on quantum-well dots, we have designed and grown InGaAs/GaAs quantum 

wells strained by InAs quantum dots. In order to compare the quantum-well dots with quantum 

dots, we have also grown InAs quantum dots on the top of GaAs layers. We have used 

photoluminescence spectrum as an effective technique to characterize these structures. We have 

found that quantum-well dots have much narrower PL Imewidths for all the pump intensities. 

Indeed, the linewidth for the quantum-well dots can be narrower by the amount as large as 25 

meV. In addition, the intensity for the wavelength-integrated PL for the quantum-well dots is 

enhanced by a factor of about 2 or more. 



Detailed Description of Our Results 

Self-assembled quantum dots (QD's) originated from lattice mismatch are easily formed 

but suffering from severe size fluctuation. Recently, strain-induced quantum-well dots (QWD's) 

have been observed in InGaAs and InGaP quantum wells (QW's) by using InP QD's as a 2-D 

stressor [1-3]. Since the thickness of the QW's can be controlled within a subatomic layer, the 

size fluctuation of the strain-induced QWD's can be greatly reduced. Moreover, the interface and 

surface recombination rates can be significantly reduced. Since the QWD's are next to QW's, the 

carrier capture rate can be improved. In our present work, the photoluminescence (PL) of 

Ino.26Gao.74As/GaAs QWD's by using InAs QD's as stressors is investigated and compared with 

that of InAs QD's without the QW layer. The comparison shows the PL peak of the 

Ino.26Gao.74As/GaAs QWD's has a narrower linewidth and higher intensity than the self- 

assembled IQAS QD's. Furthermore, the spatial homogeneities reflected by the PL peak 

wavelength and linewidth are also significantly improved for the Ino.26Gao.74As/GaAs QWD's. 

The QWD samples are grown on GaAs (001) substrates by Prof Greg Salamo's group at 

University of Arkansas, in a Riber 32 MBE system at the temperature of 500°C and growth rates 

of 0.23, 0.28 and 0.1 ML/s for GaAs, InGaAs and InAs, respectively. The QWD structure 

consists of a 300 nm-thick GaAs buffer layer, 26 ML-thick Ino.26Gao.74As well, 18 ML-thick 

GaAs barrier, 2.5 ML-thick InAs and a 20 nm-thick GaAs cap layer. Due to the large lattice 

mismatch between InAs and GaAs, the 2.5 ML-thick InAs layer actually breaks into self- 

assembled QD's with an average diameter and height of-10 nm and ~5 nm, respectively. Each 

InAs QD applies a 2-D potential to the QW layer beneath it, see Fig. 1. Therefore, the strain- 

induced QWD's are formed. In order to compare the experimental results between QWD's and 
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Fig. 1. Structure of quantum-well dots. 

self-assembled QD's, two additional samples are grown, one of which only has the self-assemble 

InAs QD's and another one just has Ino.26Gao.74As/GaAs quantum well. 

A Ti: sapphire laser with the wavelength of 800 nm is used in all the PL measurements as a 

pump source. Fig. 2 shows the typical PL spectra of QWD's and self-assembled QD's. One can 
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Fig. 2. PL sepctra of InAs QD's and Ino,26Gao.74As/GaAs QWD's are measured at 10 K with 
pump intensity of 435 W/cm^. Two PL spectra are normalized in order to compare the 
linewidths. 

see that the PL peak linewidth for QWD's is significantly narrower than that for the InAs QD's. 

Fig. 3 summarizes the PL peak linewidth as a function of the pump intensity for the QWD's and 

InAs QD's. One can see that the linewidth difference of 25 meV in Fig. 3 between the InAs 
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Fig. 3. PL peak linewidth as a function of pump intensity for InAs QD's and Ino.26Gao.74As/GaAs 
QWD's measured at 4.3 K. 

QD's and QWD's is almost a constant in the entire pump intensity range. The measurements at 

different positions within the samples at a pump intensity of 4.35x10^ W/cm^ show that the 

average PL linewidth in the QWD sample is narrower than that for the InAs QD's by about 37 

meV. This represents a significant amount of the difference, indeed. Furthermore, the PL peak 

wavelength and linewidth fluctuations from one position to next position within the lateral plane 

of the samples in the self-assembled InAs QD sample can be as high as 25 meV and 45 meV, 

respectively. On the other hand, in the QWD sample, the corresponding fluctuations are both 

significantly reduced to about 10 meV. This indicates that the QWD's are much more uniform 

within the lateral plane of the samples. In fact, since the height for each QD is much smaller than 

the diameter, the PL peak energy and linewidth are strongly dependent on the location within the 

sample. On the other hand, for the QWD's the QW width has the fluctuation of a subatomic- 

layer thickness. Therefore, the fluctuations for the PL peak energy and linewidth are greatly 

reduced for the QWD's. 

Fig. 4 shows the comparison among the dependences of the wavelength-integrated PL 

intensities on the pump intensity for the self-assembled QD's and strain-induced QWD's. One 

can see that the PL intensity of the QWD's is also enhanced relative to the InAs QD's. For 
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Fig. 4. Integrated PL intensity as a function of pump intensity measured at 4.3 K. 

example, the integrated PL intensity measured in the QWD's at 4.35x10^ W/cm^ is 1.85 times 

higher than that for the InAs QD's. The PL enhancement in the QWD's can be partially 

attributed to the fact that the QW is more efficient to capture the photogenerated carriers than the 

QD's [4]. In fact, in the QWD structure, the carriers captured by the Ino.26Gao.74As/GaAs QW 

readily fall into the QWD's to enhance the PL intensity from the QWD's. As a result, the PL 

from the quantum well is reduced as shown in Fig. 4. In addition, the interface and surface 

recombination is also reduced in the QWD's. 

During the fiinding period, we have submitted one paper to Appl. Phys. Lett, and will 

present one paper at CLEO'03. 
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